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1637 Figure S25. Direct 3-D classification of cdc10-129 G1 cryolamellae densities.

1638 Tomograms of cdc10-129 G1 cryolamellae were template matched using a smooth 5
1639 nm radius 6 nm thick cylindrical reference and a 5.4 nm radius 6.1 nm thick cylindrical
1640 mask. Direct 3-D class averaging (2-D classification was bypassed) was done using a
1641 smooth 5 nm radius 6 nm thick cylindrical reference and a 5 nm radius 6 nm thick
1642 cylindrical mask with a cosine-shaped edge, with 100 classes. None of the class
1643 averages (grey) of the nucleosome-like template-matching hits resembled a canonical
1644  nucleosome. Twenty-one classes have no contributing particles.
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1646 Figure S26. Direct 3-D classification of DMSO-GO cryolamellae densities.

1647 (A) Tomograms of DMSO-GO cryolamellae were template matched using a smooth 5

1648 nm radius 6 nm thick cylindrical reference and a 5.4 nm radius 6.1 nm thick cylindrical

1649 mask. Direct 3-D class averaging (2-D classification was bypassed) was done using a

1650 smooth 5 nm radius 6 nm thick cylindrical reference and a 5 nm radius 6 nm thick

1651 cylindrical mask with a cosine-shaped edge, with 100 classes. The canonical

1652 nucleosome-like class average is shaded blue. Five classes have no contributing

1653 particles. (B) The second round of 3-D classification from the canonical nucleosome-like

1654 class from panel A, with 10 classes. Four classes have no contributing particles. (C)

1655 Refined density of candidate nucleosomes observed in DMSO-GO cryolamellae. The

1656 density views on the left have a contour level of 0.25, the density views on the right

1657 have a contour level of 0.50. The resolution is ~28 A by the FSC = 0.5 criterion.
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1659 Figure S27. Direct 3-D classification of TSA-GO cryolamellae densities.

1660 Tomograms of TSA-GO cryolamellae were template matched using a smooth 5 nm
1661 radius 6 nm thick cylindrical reference and a 5.4 nm radius 6.1 nm thick cylindrical
1662 mask. Direct 3-D class averaging (2-D classification was bypassed) was done using a
1663 smooth 5 nm radius 6 nm thick cylindrical reference and a 5 nm radius 6 nm thick
1664 cylindrical mask with a cosine-shaped edge, with 100 classes. None of the class

1665 averages (grey) of nucleosome-like template-matching hits resembled a canonical
1666 nucleosome. Thirteen classes have no contributing particles.
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1669 Figure S28. GO nucleoplasm and nucleolus power spectra are similar to each
1670 other, but do not have the 30 nm peak present in the cytoplasm power spectrum.
1671 Rotationally averaged 1-D Fourier power spectra of chosen nucleoplasm (blue) and
1672 nucleolus (light blue) regions in the GO tomogram analysed, with the Fourier power
1673  spectrum of a ribosome-rich cytoplasm region in a G1 tomogram (green) for

1674  comparison. Fourier analysis was done on Volta cryotomographic slices extracted at (A)
1675 12 nm and (B) 30 nm thickness. All power spectra for each thickness are plotted on the
1676 same graph, separated with arbitrary offsets for clarity.
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1678 Figure S29. Uncropped immunoblots.

1679 For each immunoblot, the cropped bands are boxed at the bottom. (A) Immunoblots
1680 used in Figure 2A. The same molecular weight markers (MW, kilodaltons) were used for
1681  all 5 blots. Molecular weights are indicated to the left of the a-H3(Ac-all) blot. The

1682 detected high-molecular weight proteins (> 75 kilodaltons) are non-specifically bound by
1683 the StrepTactin-HRP conjugate. (B) Immunoblots used in Figures 3B and 3C. Molecular
1684  weight markers are different from those in part A, but the same across all 4 blots in this
1685 part. Molecular weights are indicated to the left of the a-CTD blot. For each antibody,
1686 the left set of lanes was loaded to have equal concentrations of H3, shown in Figure 3B,
1687 the right set of lanes was loaded to have equal concentrations of CTD, shown in Figure
1688 3C. (C) Immunoblots used in Figure S4. Molecular weight markers used are the same
1689 as those used in part B. Molecular weights are indicated to the left of the a-CTD blot
1690 used in Figure S4A and the a-S2P blot used in Figure S4B. (D) Immunoblots used in
1691 Figure S1C. Molecular weight markers used for the first blot in this part are the same as
1692 those used in part B. Molecular weights are indicated to the left of the a-CTD blot. The
1693 GFP immunoblot and one of the H3 loading controls were exposed for 40 seconds
1694  during imaging. Both H3 loading controls do not have molecular weight markers. The
1695 anti-GFP blots shown in Figures S1C and S10C are already uncropped.
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Table S1. Strains used in this paper

Strain Parent Genotype Source
MBY99 -- 972 h- MB lab
MBY165 - cdc10-129 MB lab
yFS240 (tk- - h- leul-32 ura4-D18 ade6-210 his7-366 pJL218 (his7 adhl:tk) (Sivakumar et
hENT1) pFS181 (leul adhl:hENT1) al., 2004)
LGSP0O001 MBY99 972 h- rpbl-eGFP-kanMX This paper
LGSP0002 MBY99 972 h- nup97-eGFP-kanMX This paper

MB lab = gift from Mohan Balasubramanian lab
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Table S2. Confocal microscopy details

General
Instrument
Pinhole

X, Y pixel

Z pixel

Acquisition
Objective lens

Objective lens magnification

Objective lens NA
Scan device
Scan direction
Dwell time
Sequential mode
Integration type
Integration count
Zoom

DAPI channel settings
Emission wavelength
PMT voltage

C.A.

Bits/pixel

Laser wavelength

Laser transmissivity
AOTF/AOM transmissivity
Laser ND filter

Detection wavelength

eGFP channel settings
Emission wavelength
PMT voltage

C.A.

Bits/pixel

Laser wavelength

Laser transmissivity
AOTF/AOM transmissivity
Laser ND filter

Detection wavelength

Alexa Fluor 488 channel settings

Emission wavelength
PMT voltage

C.A.

Bits/pixel

Laser wavelength

Olympus FV3000

1 Airy unit

0.0800 [um] for DAPI + eGFP, 0.0800 [um] for DAPI + Alexa Fluor
488, 0.0874 [um] for eGFP only, 0.0729 [um] for DAPI only
0.4100 [um] or 0.500 [pum]

UPLSAPO 60X0O
60x

1.35

Galvano

One way

2.0 [us pixel™]
Line

None

0

x2.59 for DAPI + eGFP, x2.59 for DAPI + Alexa Fluor 488, x2.37 for
eGFP only, x2.84 for DAPI only

461 [nm]

400 — 550 [V]

200 [um] for DAPI + eGFP, 202 [um] for DAPI + Alexa Fluor 488,
190 [pum] for DAPI only

12 [bits]

405 [nm]

0.5 - 0.6 [%)]

0.3 [%)]

10 [%]

430 — 470 [nm]

510 [nm]

550 — 750 [V]

200 [um] for DAPI + eGFP, 210 [um] for eGFP only
12 [hits]

488 [nm]

0.5 [%]

0.3 [%]

10 [%]

500 — 600 [nm]

520 [nm]
500 [V]

202 [pum]
12 [hits]
499 [nm]
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Laser transmissivity
AOTF/AOM transmissivity
Laser ND filter

Detection wavelength

DIC channel settings
PMT voltage
C.A.

Bits/pixel
Laser wavelength

Laser transmissivity
AOTF/AOM transmissivity
Laser ND filter

was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCC-BY-NC-ND 4.0 International license.

0.04 — 3.5[%]
0.3 [%)]

10 [%]

500 — 600 [nm]

205 — 320 [V]

200 [um] for DAPI + eGFP, 202 [um] for DAPI + Alexa Fluor 488,
210 [um] for eGFP only, 190 [um] for DAPI only

12 [bits]

488 [nm] if eGFP is used, 499 [nm] if Alexa Fluor 488 is used, 405
[nm] if only DAPI is used

0.3 -2 [%]

0.3 [%]

10 [%]
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1701 Table S3. Antibodies used.
Antigen Primary antibody Secondary antibody Dilution
primary secondary

Immunoblots

H3 C-terminus ab1791 (Abcam) 7074S (CST) 1:1000 1:5000
H4 C-terminus ab10158 (Abcam) 7074S (CST) 1:1000 1:5000
Acetyl-H3 06-599 (Merck) 7074S (CST) 1:1000 1:5000
Acetyl-H4 06-866 (Merck) 7074S (CST) 1:1000 1:5000
H4K16ac ab109463 (Abcam) 7074S (CST) 1:1000 1:5000
Pol II-CTD ab26721 (Abcam) 7074S (CST) 1:1000 1:5000
Pol II-CTD-S2P ab5095 (Abcam) 7074S (CST) 1:1000 1:5000
Pol II-CTD-S5P ab5131 (Abcam) 7074S (CST) 1:1000 1:5000
eGFP sc9996 (Santa Cruz)  7076S (CST) 1:1000 1:5000

Immunofluorescence

Acetyl-H3 06-599 (Merck) A11008 (Thermo) 1:500 1:500
Acetyl-H4 06-866 (Merck) A11008 (Thermo) 1:500 1:500
H4K16ac ab109463 (Abcam) A11008 (Thermo) 1:100 1:500
Pol II-CTD ab26721 (Abcam) A11008 (Thermo) 1:1000 1:2000
Pol II-CTD-S2P ab5095 (Abcam) A11008 (Thermo) 1:1000 1:2000
Pol II-CTD-S5P ab5131 (Abcam) A11008 (Thermo) 1:1000 1:2000
Fibrillarin NB300-269 (Novus) A11001 (Thermo) 1:1000 1:2000

1702 CST = Cell Signaling Technology; Thermo = Thermo Fisher Scientific.
1703
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1704

Table S4 PCR primers, 5 — 3

Editing
nup97 5 HAF
nup97 5 HAR

eGFP-KanMX F
nup97 eGFP-KanMX R

nup97 3 HA F

nup97 3' HAR

rpbl 5" HA F

rpbl 5 HAR

rpbl eGFP-KanMX R

rpbl 3'HAF
rpbl 3 HAR

pFA F
rpbl pFA R

Confirmation
FN
RN
RG
FK

ACCTTCTAGCTCAGTTGT

TTGGTACGACACCTGTGAATAGTTCCTCGCCTTTTGACATTGTC
ATTTCTATTTCGCAGC

ATGTCAAAAGGCGAGGAAC

AAGTCAAGTAAACATAGAATAAACAACCTTAAAAAAATAACAGT
ATAGCGACCAGCATTC

TTATTTTTTTAAGGTTGTTTATTCTATGTTTACTTGACT
ACCAAGTGTCGCTATCTCAT
TGCGAGTGGAGAAAAGGAT
AGTTCCTCGCCTTTTGACATAGATGGGCTAGTAGGGGAA

GCATTGTCATCTTCACACAACTAGCAGTATAGCGACCAGCATT
C

CTAGTTGTGTGAAGATGACAATG

GCGTTAGTATCGAATCGACAGAAATTTAATTACTACAGACATTT
GGTTTT

CTGTCGATTCGATACTAACG
CATCCTTTTCTCCACTCGCATCTATAGTGTCACCTAAATCGTAT

TGCTTTGTGGTCTTTACGAG
AGGACCTTTGGAGCCTTTTA
ATAAGTTGCGTCCCCTTCA

CCTTATTTTTGACGAGGGGA

5' rpbl1-EGFP Validation Primer F TCTTATTCCCCTACTAGTCCC

5' rpbl1-EGFP Validation Primer R ATAAGTTGCGTCCCCTTCA

3' rpbl-KanMX Validation Primer F TCTTGTTTTCAAGAACTTGTCATT
3' rpbl-KanMX Validation Primer R AACGCACAAACCAAACTAC

3' rpb1-BB Validation Primer F
3' rpb1-BB Validation Primer R
5' rpb1-BB Validation Primer F
5' rpb1-BB Validation Primer R
FR
RR

Sequencing

FAl

RA1

RG

Histone-GFP Seq R1.2
Histone-GFP Seq F2.1
Histone-GFP Seq F2.2
Histone-GFP Seq R2.2
Histone-GFP Seq F3.1
FH

RA2.2

HAB2Del Seq R1
HAB2Del Seq R2
HAB2Del Seq R3

CCGGTACTTGTAGTGATTGG
ACGACTCACTATAGGGAGACC
GGCTACAATTAATACATAACCTTATGT
TCAGATATTCCCTTGCAATCAT
TTTTGGAAACAGACGGCATA
GGAGCATTATAGGTCGGGTA

CGGTGGTAAAGGTGGTAAAG
TCGTTTCTGATAAACCAGGT
CCGTTTCATATGATCTGGGT
CTGACCTACAGGAAAGAGTT
CTGTCCTTTTACCAGACAAC
CTCTTATTGACCACACCTCT
CTTCTTTGCAGGAAGAATCG
TCACATCACATCCGAACATA
GACCATTTGCTGTAATCGAC
CTGGACGAAGACGAAGTAAT
ATTACCCTGTTATCCCTAGC
CAGGAGTACGGATAAAATGC
TATCGAATCGACAGCAGTAT
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RK CCTTATTTTTGACGAGGGGA
RB2 ATTAACCGGGATTCACTGAC
FB1 ATGTCTGCTAAAGCCGAAAA
RB1 AGTCAGCGACATCTGTCTTT
FT1 AAGCAAACAGCAAGAAAGTC
RT1 CTTCTGACAGCAAGGGTATT
FF1 ATGTCCGGTAGAGGTAAAGG
RF1 ACACACGAAAATCCTGTGAT

1705
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1706

1707

Table S5. Lamella Cryo-EM imaging and analysis details.

EM grids

FIB-milling dual-beam microscope
TEM imaging microscope

Energy

Camera: recording mode
Tomography software

Calibrated pixel sizes, unbinned
Defocus (nominal)

Cumulative dose

Dose fractionation

Tilt range: scheme

Tilt increment

Tomogram processing & visualisation
Template matching

Subtomogram classification & averaging
Analysis scripts

Figure creation and editing; t-tests

Quantifoil® R2/2

Helios NanoLab 600 DualBeam
Titan Krios

300 keV

K3: super-resolution

SerialEM

34A

-0.50r -1 ym

120 or 200 e A
(1/cosine)’\(1/4)

—70° to +50°, dose symmetric

20

IMOD 4.11

PEET 1.15.1

RELION 3.0.8
https://github.com/anaphaze/ot-tools
Adobe Photoshop and lllustrator;
Google sheets
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1708 Table S6. Cryotomogram details.

Tomogram Strain State Fig Dose Pixel Af  Atilt VPP Thick Rsd Analysis
(e/A% size (A) (um) () (nm)  (nm)
20230418 006 972h- P 120 34 0 2 + 170 072 FPS
20230418 007 972h- P S 120 34 0 2+ 220200 081 FPS
20230418 016 972h- P 120 34 0 2 + 205250 0.72 FPS
20230605 018 972h- P 2000 34 0 2 + 120 053 STA
20230605 021 972h- P 200 34 0 2 + 95 065 STA
20230605 023 972h- P 2000 34 0 2 + 160 040 STA
20230605 028 972h- P 2000 34 0 2 + 140 060 STA
20220718_  4010.129 G1 S13 120 34 1013 2 - 150 062 -
Defocus_009
20220718 017 cdc10-129 G1 120 34 0 2 + 110 045 FPS
20221019 062 cdc10-129 G1 120 34 0 2 + 120 026 FPS
20221216 _020 cdc10-129 Gi 120 34 0 2 + 120 042 FPS
20221216 _027 cdc10-129 Gi 120 34 0 2 + 165 067 FPS
20230125 045 cdc10-129 G1 S4 120 34 0 2 + 160 083 FPS
20230125 050 cdcl0-129 G1 g5 120 34 0 2 + 110-175 0.49 STA FPS
20230125 059 cdc10-129 Gi 120 34 0 2 + 135 073 FPS
20230125 063 cdc10-129 G1 8 120 34 0 2 + 160 0.69 STA FPS
20220608_ _ )
bathsp &5 002 9720 GO S13 120 34 89 2 135  0.68
20221015 048 972h- GO 120 34 0 2 + 115 083 FPS
20221019 010 972h- GO 120 34 0 2 + 155 043 FPS
20221019 029 972h- GO 120 34 0 2 + 135 043 STA FPS
20230125 003 972h- GO 120 34 0 2 + 150-200 0.91 FPS
20230125 015 972h- GO 120 34 0 2 + 160 075 FPS
20230125 017 972h- GO 120 34 0 2 + 135 0.64 STA FPS
20230125 019 972h- GO 120 34 0 2 + 140-185 0.98 FPS
4.8,
20230125_028 972h- GO 2% 120 34 0 2 + 135205 0.58 STA FPS
s21
20230125 033 972h- GO 120 34 0 2 + 145 087 FPS
20230125 037 972h- GO 120 34 0 2 + 100-130 0.70 STA, FPS
20230106 018 972h-  TSA-GO 120 34 0 2 + 95155 0.79 STA FPS
20230106 019 972h-  TSA-GO 120 34 0 2 + 145-180 0.98 STA, FPS
20230106 020 972h-  TSA-GO 120 34 0 2 + 145 058 STA FPS
20230106 022 972h-  TSA-GO 120 34 0 2 + 140-190 0.87 FPS
20230106_025 972h-  TSA-GO g,zgzz, 120 34 0 2 + 140-160 0.56 STA, FPS
20230106 032 972h-  TSA-GO 120 34 0 2 + 170-205 0.85 FPS
20230106 033 972h-  TSA-GO 120 34 0 2 + 185 045 FPS

1709

1710 P =unsynchronised proliferating. G1 = G1 phase. GO = GO after a 24-hour incubation in
1711 EMM-N media. TSA-GO = 24 hour incubation in EMM-N plus 2 pg mL™ TSA. Af:

1712 Nominal defocus used for VPP data; refined defocus used for defocus data. VPP =
1713 Volta phase plate was used (+) or not used (-). Thick = lamellae thickness — some
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1714 lamellae had a wedge-like profile and therefore a range of thicknesses. Rsd = alignment
1715 residual. For “Analysis”, STA = used for subtomogram classification and averaging, FPS

1716 = used for Fourier power spectrum analysis. The raw cryo-ET data and a tomogram of
1717 each dataset here was deposited in EMPIAR.
1718
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